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Introduction {#sec001}
============

Human activities have become a force of global significance, causing disruption to climate, landscape-scale habitat loss, pollution, and overexploitation of biological resources \[[@pone.0227381.ref001],[@pone.0227381.ref002],[@pone.0227381.ref003],[@pone.0227381.ref004]\]. As the human population has grown in numbers and consumption, the growing proportion of natural resources that consumes has caused habitat loss and species extinction \[[@pone.0227381.ref005],[@pone.0227381.ref006]\]. Habitat loss and unsustainable levels of hunting associated with armed conflict and illegal drug-cultivation are a particular threat to biodiversity in some tropical regions \[e.g. [@pone.0227381.ref007]\]. Extinctions and declines in native species' abundance undermine the capacity of ecosystems to provide ecosystem services such as provision of food, materials, and drinking water, with direct consequences for human health \[[@pone.0227381.ref002],[@pone.0227381.ref005]\]. Declines in bird populations, in particular, may reduce the delivery of ecosystem services such as pollination, seed dispersal and pest-control \[[@pone.0227381.ref008],[@pone.0227381.ref009]\].

Extinction risk assessment has become an essential tool for conservation planning and action \[[@pone.0227381.ref010]\], with the IUCN Red List widely regarded as the global standard. The process of undertaking Red List assessments not only produces an evaluation of the conservation status of species, but also involves compiling an extraordinary wealth of data on which such assessments are based \[[@pone.0227381.ref011]\]. Red Data Books and Lists provide support for a variety of actions such definition of conservation priorities, allocation of economic resources, environmental education and raising awareness of the biodiversity crisis \[[@pone.0227381.ref011],[@pone.0227381.ref012]\].

Periodic risk assessment allows for monitoring trends over time, detecting changes in causes of threat and their intensity, and providing insights into the effectiveness of conservation policies \[[@pone.0227381.ref011],[@pone.0227381.ref012]\]. To achieve this and allow meaningful comparison of repeated extinction risk assessments, the Red List Index (RLI) was developed \[[@pone.0227381.ref013],[@pone.0227381.ref014],[@pone.0227381.ref015]\]. RLIs illustrate the relative rate at which groups of species change in their overall level of extinction risk. They are calculated from the number of species in each Red List category and genuine changes between assessments (i.e. those resulting from improvements or deteriorations in the status of species). Those changes due to improved knowledge or taxonomic status are excluded \[[@pone.0227381.ref013], [@pone.0227381.ref015]\]. RLIs have been used to track global and regional trends in the extinction risk of species \[[@pone.0227381.ref013],[@pone.0227381.ref016],[@pone.0227381.ref017],[@pone.0227381.ref018]\], and for subsets of species or drivers of trends relevant to different policy targets, such as the impact of invasive species or trends in pollinator species \[e.g. [@pone.0227381.ref019],[@pone.0227381.ref020],[@pone.0227381.ref021]\], as well as to track institutional impact on conservation \[[@pone.0227381.ref022]\]. On a global scale, the index is available for birds, mammals, amphibians, corals, cycads and conifers \[e.g. [@pone.0227381.ref023]\], with baseline data points available for a number of other vertebrates, invertebrate and plant groups, including some derived from a sampled approach \[e.g. [@pone.0227381.ref024],[@pone.0227381.ref025]\]. The latter entails assessing a random selection of species from across an entire taxonomic group, allowing for the assessment of trends for large and poorly known taxonomic groups when the sampled species are reassessed \[[@pone.0227381.ref026]\].

Most conservation policies are implemented at the national scale, where conservation resources are also typically allocated. The RLI can be applied at the national scale through disaggregation of the global index \[[@pone.0227381.ref027]\], by weighting each species according to the proportion of its range (a surrogate for population) within the country, to account for national responsibility for the conservation of each species \[[@pone.0227381.ref028]\]. National RLIs can also be produced from repeated assessments of extinction risk at the national scale through national Red Lists, with examples published mainly for vertebrates, but also for invertebrates, plants and lichens, spanning terrestrial, freshwater and marine realms, and temperate and tropical countries such as Australia, China, Denmark, Ecuador, Finland, Italy, Paraguay, Spain, Sweden, and Venezuela (reviewed in \[[@pone.0227381.ref029]\], see also \[[@pone.0227381.ref016],[@pone.0227381.ref030]\]). Such national RLIs tend to be more sensitive in detecting national biodiversity trends because larger numbers of species change Red List category between assessments when extinction risk is assessed at national rather than global scales \[[@pone.0227381.ref018]\]. However, they may also reflect changes in the local status of species that are of minor significance at a global scale \[[@pone.0227381.ref031]\].

Birds are the best-known class of organisms, and are useful indicators of broader biodiversity trends \[[@pone.0227381.ref032]\]. According to BirdLife International, and the South American Classification Committee, Colombia has the most diverse avifauna in the world, with over 1900 species, 4.4% of them endemic to the country \[[@pone.0227381.ref033],[@pone.0227381.ref034],[@pone.0227381.ref035],[@pone.0227381.ref036]\]. In addition, Colombia contains global biodiversity hotspots (e.g., tropical Andes and Chocó/Darién, \[[@pone.0227381.ref037]\]), and regions with high levels of endemism and species richness \[[@pone.0227381.ref038],[@pone.0227381.ref039]\]. For these reasons, bird conservation in Colombia is of global significance. While national red list assessments indicate that the proportion of threatened bird species has increased from 6.4% in 2002 to 8.1% in 2016 \[[@pone.0227381.ref040],[@pone.0227381.ref041],[@pone.0227381.ref042],[@pone.0227381.ref043]\], this variation is partly a result of changes in knowledge and taxonomy. We calculated the first Red List Index for birds in Colombia to determine the genuine change in national extinction risk of birds in Colombia over this period, compare it with global trends, and explore patterns across ecosystems, regions and groups of species of conservation concern.

Methods {#sec002}
=======

In order to calculate an RLI for the country we followed Butchart *et al*. \[[@pone.0227381.ref015]\]. To obtain a complete list of bird species found in Colombia, we used Avendaño *et al*. \[[@pone.0227381.ref035]\], but excluded passage migrants (transients), vagrants, introduced species, and species for which their occurrence within the country is unconfirmed according to Avendaño *et al*. \[[@pone.0227381.ref035]\] and the authors' knowledge. We used the two most recent assessments of extinction risk for birds for the country \[40 and 41 and 42, hereafter summarized as 42\]. These two assessments applied the IUCN Red List categories and criteria \[[@pone.0227381.ref044]\] and followed the IUCN guidelines for their regional/national application \[[@pone.0227381.ref045]\]. The categories considered were extinct (EX), critically endangered (CR), endangered (EN), vulnerable (VU), near threatened (NT) and least concern (LC). Nine species evaluated as data deficient in 2016 were excluded, following Butchart et al. \[[@pone.0227381.ref015]\]. This produced a list of 1718 species for which we calculated the RLI. For each of these, we followed the approach outlined in Butchart et al. \[[@pone.0227381.ref015]\] and assessed if any had undergone genuine improvements or deteriorations in status of sufficient magnitude such that they would have qualified for a lower or higher Red List category in 2002, using information in Renjifo *et al*. \[[@pone.0227381.ref040],[@pone.0227381.ref042]\]. We excluded changes in category between assessments that resulted from better knowledge, differences in methodology (for example different interpretation of information or different process of assessment due regional adjustments) or taxonomy (newly described species, split or lumped taxa) \[[@pone.0227381.ref013],[@pone.0227381.ref015]\]. For genuine changes, we documented which parameters changed, triggering which criteria and resulting in which category shifts, as well as the drivers (threats or conservation actions).

We calculated the RLI for each time point, assigning "equal steps" weights for each IUCN Red List category (0 for LC, 1 for NT, 2 for VU, 3 for EN, 4 for CR and 5 for EX). The number of species in each category was multiplied by these weights and the products summed. The total was divided by the maximum possible value (\# of non-DD species multiplied by 5) and subtracted from one to give the RLI. An RLI value of one results if all species are classified as least concern; an RLI value of zero results if all species are classified as extinct. In other words, the index declines as the status of species deteriorates, to be consistent with most other biodiversity indicators.

We calculated disaggregated RLIs for species in different regions, ecosystems and groups of species of conservation concern, assigning species to these using the information found in Hilty & Brown \[[@pone.0227381.ref046]\], Ayerbe \[[@pone.0227381.ref047]\], Schulenberg \[[@pone.0227381.ref048]\], and expert knowledge of authors. The occurrence of some marine and migratory species within some regions of the country was determined following consultation with experts (see acknowledgments). Regions were defined as: Pacific (including all lowlands on the Pacific side of the Andes that encompass both Darién and Chocó biogeographic regions, including dry forest within Patía valley); Pacific coast and ocean (coastline, islands and open sea); Andes (all three main mountain ranges and Perijá); Caribbean (continental region, including Magdalena and Cauca valleys); Caribbean coast and ocean (coastline, coastal islands and open sea); Sierra Nevada de Santa Marta (SNSM, including foothills); Darién Highlands; San Andrés and Providencia islands; Amazon; and Orinoquia ([Fig 1](#pone.0227381.g001){ref-type="fig"}). Ecosystems were defined as: lowland rainforest, lowland dry forest (including dry scrub, and desert), Sub-Andean forest (both rain and dry), High Andean forest (both rain and dry), paramo, mangrove forest, savanna, freshwater ecosystems (wetlands and rivers), coastal and pelagic waters. We lumped together species of rain and dry Sub-Andean and High Andean forest because current knowledge precludes a consistent classification of species associated with dry mountain forests. Lowland was defined as \<1000 m, Sub-Andean as 1000--2500 m, and High Andean as \>2500 m. For species in the Darién mountains, the cut-off between lowland and Sub-Andean was taken as 800 m, because on small isolated mountains the upper limit of lowland rain forest is lower than on major ranges due to the "Massenerhebung" effect \[[@pone.0227381.ref049]\]. Species groups of conservation concern were defined as: gamebirds (Tinamiformes, Anseriformes, Galliformes, Columbiformes), diurnal raptors (Accipitriformes and Falconiformes), parrots (Psittaciformes), terrestrial forest insectivores (Conopophagidae, Grallaridae, Rhinocryptidae, Formicariidae, Furnariidae, and some Cuculidae, Thamnophilidae, Tyrannidae, Troglodytidae, Polioptilidae and Parulidae), large frugivores (species that consume ripe or unripe fruit on a regular basis and weigh more than 100 g: Tinamidae, Cracidae, Odontophoridae, some Columbidae, Steatornithidae, Psophiidae, some Trogonidae, some Momotidae, Ramphastidae, some Picidae, some Psittacidae, some Cotingidae, some Corvidae, some Turdidae, some Thraupidae, some Icteridae), and forest-dependent raptors (some Accipitridae, and some Falconidae), while control groups were nocturnal raptors (Strigiformes), suboscine and oscines passerines, and hummingbirds (Trochilidae) (See [S2 Table](#pone.0227381.s002){ref-type="supplementary-material"}). We included terrestrial forest insectivores, large frugivores, and forest-dependent raptors because they have been found to be consistently prone to extinction due to habitat fragmentation \[e.g. [@pone.0227381.ref050],[@pone.0227381.ref051],[@pone.0227381.ref052]\].

![Regions of Colombia used for disaggregated RLIs.\
San Andrés and Providencia Islands and Darién Highlands are represented with symbols because they are too small to be seen at the scale of the map.](pone.0227381.g001){#pone.0227381.g001}

We compared the number of threatened (CR, EN, VU), near threatened (NT) and least concern (LC) species on the global IUCN Red List \[[@pone.0227381.ref053]\], with the numbers of species in the same categories in the Colombian national Red List \[[@pone.0227381.ref041],[@pone.0227381.ref042]\]. Then, we compared the number of species in each category on the national list with the number of Colombian species in each category on the global IUCN Red List \[[@pone.0227381.ref053]\]. We conducted G-tests to evaluate statistical significance, and used a Fisher Exact test to compare the number of extinct species in the Global Red List with the number of extinct species in the national Red List.

Results {#sec003}
=======

A total of 1909 species have been recorded within Colombia \[[@pone.0227381.ref035]\], of which 1727 are either residents (species that spend all year in Colombia) or seasonal migrants (i.e., temperate and intratropical migrants). Among them, one endemic species is extinct (Colombian Grebe *Podiceps andinus*). Comparing the Colombian National Red List with the Global IUCN Red List we found that there is a significantly lower proportion of nationally threatened species (8.1%) than globally threatened (13.6%) (G-test = 219.463, df = 4, p \<\<0.0001), and a higher proportion of species that have gone extinct since 1500 at global than at national level (Fisher´s Exact test, p\<\<0.001). Comparing the Colombian National Red List with the Colombian species in the global IUCN Red List (i.e. species present in Colombia assessed by the IUCN Red List), we found a higher proportion of species threatened in the national assessment (8.1%) than in the global assessment (6.7%) ([Table 1](#pone.0227381.t001){ref-type="table"}), (G-test = 51.623, df = 5, p\<\<0.0001). This was expected because species are more likely to qualify as threatened when extinction risk is assessed at a national rather than global scale \[[@pone.0227381.ref018]\].

10.1371/journal.pone.0227381.t001

###### Bird species (percentage in parenthesis) in each IUCN Red List category in the world and in Colombia.

For Colombia, we excluded vagrants, passage migrants, introduced species, and species of uncertain occurrence. The percentage of threatened species was calculated in relation to the total number of extant species. EX: extinct, EW: extinct in the wild, CR(PEW): critically endangered (possibly extinct in the wild), CR(PE): critically endangered (possibly extinct), CR: critically endangered, EN: endangered, VU: vulnerable, NT: near threatened, LC: least concern, DD: data deficient. Global totals are based on the 2018 IUCN Red List. Totals for Colombian species on the global IUCN Red List include passage migrants.
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  Red List Category   Global IUCN Red List   Colombian species on global IUCN Red List   Colombia National Red List
  ------------------- ---------------------- ------------------------------------------- ----------------------------
  EX                  156 (1.4%)             1 (0%)                                      1 (0.1%)
  EW                  5 (0%)                 0 (0%)                                      0 (0%)
  CR(PEW)             1 (0%)                 0 (0%)                                      0 (0%)
  CR(PE)              21 (0.2%)              0 (0%)                                      2 (0.1%)
  CR                  202 (1.8%)             14 (0.8%)                                   14 (0.8%)
  EN                  469 (4.2%)             36 (1.9%)                                   56 (3.2%)
  VU                  799 (7.2%)             76 (4.0%)                                   68 (3.9%)
  NT                  1012 (9.1%)            105 (5.6%)                                  27 (1.6%)
  LC                  8405 (75.5%)           1641 (87%)                                  1550 (89.8%)
  DD                  56 (0.5%)              5 (0.3%)                                    9 (0.5%)
  TOTAL               11126                  1878                                        1727
  TOTAL THREATENED    1492 (13.6%)           126 (6.7%)                                  140 (8.1%)

We found that most of the changes in species' red list categories between 2002 and 2016, a total of 70 (81.4% of species with changes), were due to better knowledge of species distributions, populations, trends, etc., or changes in the way in which the red list categories were applied, or improved analytical methods (following 41,42,45). A smaller proportion of category changes (18.6%) was due to genuine improvement or deterioration in species' conservation status. From 1718 extant non-DD species, 16 qualified for lower (3) or higher (13) categories of extinction risk owing to genuine changes ([Table 2](#pone.0227381.t002){ref-type="table"}). These category changes drive trends in the RLI, although the full set of species and their current red list categories are used to determine the 2016 RLI value \[[@pone.0227381.ref013],[@pone.0227381.ref015]\]. The causes of improvement in conservation status differed for the three species. One of them recovered due to land abandonment and subsequent habitat recovery as people moved to cities \[[@pone.0227381.ref054],[@pone.0227381.ref055],[@pone.0227381.ref056]\]; another experienced an improvement due to a reduction in the rate of habitat loss as illegal cultivation of coca shifted among regions \[[@pone.0227381.ref041],[@pone.0227381.ref057]\]; and a third benefited from conservation actions. For the uplisted species, habitat loss from expansion of illicit crops and population declines from hunting were the two most important causes of deterioration in conservation status. Of the 13 uplisted species, eight were affected by expansion of illicit coca crops, seven experienced intensified hunting (one also possibly by trapping), three were impacted by invasive and domestic animals (trout, cats, rats, dogs, and Shiny Cowbirds), two by agriculture including cattle ranching, two by timber extraction, two by illegal mining or oil production, one by water pollution, and another by habitat loss from development. Most species were affected by multiple threats. Most of the species that were uplisted had restricted distributions, particularly in south-west Colombia, including both Pacific and Andes (Nariño department mainly, but also Cauca and Valle del Cauca). It is notable that the 13 uplisted species include three cracids, reflecting the disproportionate susceptibility of this group to hunting and habitat loss \[[@pone.0227381.ref043]\].

10.1371/journal.pone.0227381.t002

###### Genuine changes suffered by species during 2002--2016 period.

Endemic species are marked with asterisk\*.
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  Family           Common name                    Species                       Change     Support
  ---------------- ------------------------------ ----------------------------- ---------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Anatidae         Orinoco Goose                  *Oressochen jubatus*          uplist     The species qualified for uplisting from NT to VU under criterion A2 due to an acceleration in the rate of habitat loss in the llanos region (Orinoquia), owing to intensifying habitat destruction for agriculture and extensive livestock farming. By 2002 the rate of decline was projected to be below 30% in 3 generations but during 2002--2016 exceeded 30% because of increases in the rate of loss of forest (which is used by the species when nesting) and hunting. Also, the population size decreased and crossed the threshold under criterion C2 from 25000 individuals by 2002 to 5000--10000 individuals by 2016.
  Cracidae         Great Curassow                 *Crax rubra*                  uplist     The species qualified for uplisting from NT to VU under criterion A2 owing to increased hunting and deforestation in its distribution range due to illegal coca crops, illegal gold and platinum mining, and illegal timber extraction. By 2002 the rate of decline was projected to be below 30% in 3 generations but during 2002--2016 exceeded it because of an increased rate of forest loss, degradation and hunting.
  Cracidae         Yellow-knobbed Curassow        *Crax daubentoni*             uplist     The species qualified for uplisting from VU to EN because the population size is suspected to have fallen below 2500 individuals by 2016, resulting in uplisting under criterion C2. Also, the species crossed the threshold under criterion A2 from VU to EN because the rate of population decline was suspected to have exceeded 50% over last three generations (and predicted to continue in the future). All these changes are due to intensifying of deforestation and fragmentation especially for illicit crops and presumably an increase in hunting.
  Cracidae         Helmeted Curassow              *Pauxi pauxi*                 uplist     The species qualified for uplisting from VU to EN under criterion A2 due to a decline in the population driven by habitat loss from illicit crops and concomitant hunting, especially in Catatumbo and Magdalena medio regions. By 2002 the rate of population decline was projected to be 30% over next 3 generations but during 2002--2016 it increased to ≥50% because of an increase in deforestation rate and hunting.
  Podicipedidae    Northern Silvery Grebe         *Podiceps juninensis*         uplist     The species qualified for uplisting from EN to CR under criterion B2 because it disappeared from La Cocha lagoon, presumably because of hunting and degradation of habitat. This decreased its AOO below 10km^2^. The main drivers of the lagoon's degradation are eutrophication and the introduction of invasive trout.
  Trochilidae      Black Inca                     *Coeligena prunellei\**       downlist   The species qualified for downlisting from EN to NT due a recovery of its habitat. This hummingbird uses both mature forest and regenerating areas. Some conservation actions have taken place since 2005 including the active recuperation of oak forest (*Quercus humboldtii*) in Boyacá and the protection of the species in Santander.
  Capitonidae      Orange-fronted Barbet          *Capito squamatus*            uplist     The species qualified for uplisting from NT to VU under criteria A4 and B1. By 2002, this species was below the threshold of population reduction over three generations spanning the past and future. However, the species lost 15% of its habitat during 2001--2010, so is projected to lose ≥30% of its population over next three generations. The species also met the threshold of VU for criterion B1 due to the intensification of deforestation within its distribution (Nariño department, southwest Colombia) during the last decade. Deforestation in this region is due to the expansion of illicit crops, and efforts to eradicate them.
  Rhamphastidae    Plate-billed Mountain-toucan   *Andigena laminirostris*      uplist     The species qualified for uplisting from VU to EN under criterion B1 due to the intensification of deforestation within its distribution (Nariño department, southwest Colombia). The AOO in 2002 was around 1770 km^2^ but during the last decade it fell below 500km^2^ because of increasing deforestation for illicit crops and efforts to eradicate them.
  Picidae          Guayaquil Woodpecker           *Campephilus gayaquilensis*   uplist     The species qualified for uplisting from NT to VU under criterion B1+2 due to declines EOO and AOO, and under C2 due to habitat loss. During 2002--2016, there was increased destruction of its habitat (mangroves and lowland humid forest), in the south-west Pacific region (Nariño and Cauca departments). The main drivers of habitat degradation are the expansion of agricultural frontier and illicit crops of coca.
  Falconidae       Plumbeous Forest-falcon        *Micrastur plumbeus*          uplist     The species qualified for uplisting from NT to EN under criterion C1. In 2002 the rate of population decline was below the threshold of 10% over the next three generations. However, by 2016 it was projected that the species will lose 25% of its population over next two generations, because habitat loss is occurring faster owing to intensifying of deforestation in southwest Colombia. The main drivers of habitat loss and degradation are illegal crops of coca and the use of agrochemicals to which raptors are sensitive.
  Psittacidae      Yellow-eared Parrot            *Ognorhynchus icterotis*      downlist   The species qualified for downlisting from CR to EN under criterion C because during 2002--2016 it experienced a recovery of its population. This improvement is due to conservation actions in Tolima, Antioquia-Caldas and Meta departments including habitat protection and restoration as a consequence of government and civil campaigns. Also, the species has benefited from artificial nest boxes. The species remains in EN category instead VU or NT because some relict populations still are without protection and because each population is small (\<250 mature individuals). (The discovery of new populations after 2002 also meant it no longer met the B criteria owing to improved knowledge).
  Rhinocryptidae   Stiles's Tapaculo              *Scytalopus stilesi\**        uplist     The species qualified for uplisting from VU to EN under criterion B2. This species was discovered after 2002 (described as new to science in 2005) but we retrospectively assessed it VU in 2002. During 2002--2016, the species suffered habitat loss and fragmentation, especially in the north of its distribution (Antioquia department). In this period the AOO fell below 500km^2^, qualifying the species as EN.
  Tyranidae        Bearded Tachuri                *Polystictus pectoralis*      uplist     The species qualified for uplisting from NT to VU under criterion A2+3. Due to an acceleration in the rate of habitat loss in the llanos region (Orinoquia), by 2016 the rate of decline was projected to be 30% over next 3 generations. Since 2002 a rapid replacement of natural savannas by large-scale crops, cattle expansion and oil extraction infrastructure has occurred. Another important driver of habitat degradation for this species is the increased frequency of fires.
  Cotingidae       Fiery-throated Fruiteater      *Pipreola chlorolepidota*     downlist   The species qualified for downlisting from VU to NT due to a recovery of its habitat. Under criterion A, in 2002 the rate of decline was projected to be above or equal to 30% in 3 generations because of expansion of illegal crops in Amazonian piedmont (Putumayo department). However, during 2002--2016 the rate of decline fell below 30% because the illicit crop cultivation moved to other regions, especially the Pacific region (Nariño department), allowing the recovery of habitat within the species' distribution.
  Troglodytidae    Apolinar's Wren                *Cistothorus apolinari\**     uplist     The species qualified for uplisting from EN to CR under criterion B2 because it disappeared from an important area of remaining habitat (i.e. most localities of sabana de Bogotá), and the current distribution is severely fragmented. This situation diminished its AOO below 10km^2^ during 2002--2016. This species has its distribution fragmented because of the destruction and degradation of its habitat (including from pollution in wetlands). Other threats are hunting, depredation of nests by rats, and its low capacity to colonize new areas. Finally, this species is affected by social parasitism of Shiny Cowbird (*Molothrus bonariensis*).
  Thraupidae       Scarlet-breasted Dacnis        *Dacnis berlepschi*           uplist     The species qualified for upslisting from VU to EN under criterion B1+2 due to the intensification of deforestation within its distribution (Nariño department, southwest Colombia). During the last decade deforestation in this region increased due to the expansion of illicit crops and efforts to eradicate them. This situation diminished its AOO below 500km^2^.

Integrating these genuine Red List category changes, the Red List Index showed a rather stable trend in the aggregate survival probability (the inverse of extinction risk) of Colombian birds, declining from 0.955 in 2002 to 0.954 in 2016. Disaggregation showed that birds in the Andes are most threatened (i.e. lowest RLI values), while those in Amazon and Orinoquia are least threatened ([Fig 2A](#pone.0227381.g002){ref-type="fig"}, [S1 Table](#pone.0227381.s001){ref-type="supplementary-material"}). We found that the proportion of species in different risk categories are not significantly different between the national scale and the Andes region (G-test = 1.195, df = 4, p = 0.879), but significantly different between the national scale and the Amazon, and between the national scale and Orinoquia (G-test = 92.198, df = 4, p \<\< 0.0001 for the Amazon, G-test = 70.437, df = 4, p \<\< 0.0001 for Orinoquia). Comparing habitat types, species inhabiting lowland rain forest are least threatened while freshwater species and species of High Andean forest and paramo have the highest extinction risk ([Fig 2B](#pone.0227381.g002){ref-type="fig"}, [S1 Table](#pone.0227381.s001){ref-type="supplementary-material"}). The small number of genuine changes mean that differences in RLI trends for different disaggregations were not substantial, but it was notable that species inhabiting mangroves and freshwater ecosystems or occurring in the Pacific region and Pacific Ocean showed the most pronounced negative trends ([Fig 2A](#pone.0227381.g002){ref-type="fig"}, [S1 Table](#pone.0227381.s001){ref-type="supplementary-material"}). In addition, gamebirds, parrots, large frugivores, terrestrial forest insectivores, and forest raptors are groups with relatively high levels of extinction risk (lower RLI values; [Fig 2C](#pone.0227381.g002){ref-type="fig"}, [S1 Table](#pone.0227381.s001){ref-type="supplementary-material"}).

![Disaggregated Red List Indices for birds in Colombia in different groups (A) regions, (B) ecosystems, and (C) groups of species of conservation interest. The overall national RLI is shown in black.](pone.0227381.g002){#pone.0227381.g002}

Discussion {#sec004}
==========

Comparisons between national and disaggregated RLIs can highlight ecosystems and regions to focus on to prevent extinctions. The avifaunas of paramo, high Andean forest and freshwater ecosystems have RLIs below the national index (meaning that, overall, species are more threatened in these ecosystems), with freshwater species showing the greatest negative change between 2002 and 2016 ([Fig 2B](#pone.0227381.g002){ref-type="fig"}). Furthermore, eight out of 14 threatened freshwater species are exclusively found in the Andes, while two are shared between the Andes and lowlands. By contrast, lowland rainforest, savanna, and lowland dry forest all have high and stable RLIs, indicating that their bird species are less threatened overall ([Fig 2B](#pone.0227381.g002){ref-type="fig"}). The poor conservation status of freshwater birds, and especially montane freshwater species, was notable: these species appear to have been overlooked as a group of special concern.

Among regions, those with the greatest avian diversity, namely the Andes and Amazon, stand out for their contrasting situation ([Fig 2A](#pone.0227381.g002){ref-type="fig"}). The Andes has the lowest RLI: this region has many range-restricted species, and has experienced extensive agricultural activities and deforestation for centuries \[[@pone.0227381.ref058],[@pone.0227381.ref059]\]. Consequently, the Andes have many threatened species, are the only region with an RLI below the national index, and have a very strong influence on the overall index ([Fig 2A](#pone.0227381.g002){ref-type="fig"}). By contrast, the Amazon has a more recent history of landscape change \[[@pone.0227381.ref058],[@pone.0227381.ref060]\], and very few range-restricted species \[[@pone.0227381.ref038]\]. The Amazon (along with Orinoquia) still has an RLI close to one. In fact, the proportion of species in different risk categories are not significantly different between the country and the Andes region, but significantly lower in the Amazon and Orinoquia. However, there is currently very rapid and extensive habitat loss in the western parts of the Amazon, as well as in Orinoquia, due to rapid expansion of intensive cattle ranching and agriculture, oil palm plantations, and illicit coca crops \[[@pone.0227381.ref061],[@pone.0227381.ref062],[@pone.0227381.ref063],[@pone.0227381.ref064]\]. Two other regions deserve particular attention: the Darién Highlands, and San Andrés and Providencia. Los Katíos National Park covers only part of the Darien lowlands, but no highland species are protected within it, and there is only one small terrestrial protected area on each of San Andrés and Providencia islands \[[@pone.0227381.ref065]\]. They have low RLI values and a high proportion of species with extremely small distributions. There are no protected areas within the Darién Highlands in Colombia, and there is very limited protection within San Andrés and Providencia. In combination, these results indicate that both montane and insular regions should be important targets of conservation action in Colombia (noting that these are also the regions that are likely be most negatively affected by climate change; \[[@pone.0227381.ref066],[@pone.0227381.ref067]\]), while freshwater ecosystems also deserve greater attention.

We found that relatively few species underwent genuine deteriorations in status, with the Colombian RLI declining by 0.0000714% per year during 2002--2016. By comparison, the global RLI for birds declined by 0.0297% per year during 1988--2016 \[[@pone.0227381.ref068]\], again suggesting that, on average, the level of threat to birds in Colombia is worsening at a slower pace than at a global scale. The relatively high national RLI values for birds in 2016 and the relatively low rate of decline in the RLI during 2002--2016 provide encouraging news, especially for a country with a very large avifauna. The proportion of species that qualify as threatened was lower for the national scale assessment of extinction risk in Colombia than for birds globally ([Table 1](#pone.0227381.t001){ref-type="table"}), despite the fact that at a national scale species have smaller populations and distributions and therefore are more likely to meet the thresholds for threatened categories under some criteria. The difference is particularly strong for extinct species, reflecting the fact that most global extinctions have been on remote oceanic islands \[[@pone.0227381.ref069]\], which are poorly represented in Colombia. This may be the effect of a variety of factors. Among them, the large number of Amazonian and Orinoquian species that tend to have broad distributions in lowland Colombia, and hence tend not to qualify as threatened even at a national scale. Also, more than 50% of the land area in the country is still covered by native forest, and there are vast areas of other natural non-forest ecosystems such as savanna and paramo \[[@pone.0227381.ref070],[@pone.0227381.ref071]\]. This contrasts with only 30.6% of original forest cover remaining globally \[[@pone.0227381.ref072],[@pone.0227381.ref073],[@pone.0227381.ref074]\].

The RLI is moderately sensitive, because it only reflects changes in status that are sufficient to qualify a species for a lower or higher Red List category. Many more species undergo improvements or deteriorations that are smaller in magnitude and not reflected in the index \[[@pone.0227381.ref075],[@pone.0227381.ref076]\]. For example, Cauca guan (*Penelope perspicax*) has increased in population size since 2002, particularly in the Otún River basin, Yotoco and probably in Bremen and Barbas river canyon, in response to habitat protection and hunting controls \[[@pone.0227381.ref041],[@pone.0227381.ref077]\]. However, the species remains appropriately classified as endangered, and would need to increase from a current population size to more than 2,500 mature individuals before qualifying for downlisting to vulnerable. It is also important to note that some improvements in status under criterion A may simply reflect slower rates of decline, rather than recovery. For example, Fiery-throated Fruiteater (*Pipreola chlorolepidota)* which was downlisted from vulnerable to near threatened owing to a decline in the rate of habitat loss ([Table 2](#pone.0227381.t002){ref-type="table"}). Given the moderate sensitivity of the RLI, there is a strong case for complementing its application at the national scale (requiring periodic repeated red list reassessments of species) with the development of population abundance indices (like the Wild Bird Index; \[[@pone.0227381.ref078]\]) based on systematic population monitoring schemes (as recently established in some African countries; \[[@pone.0227381.ref079]\]).

Threats to birds in Colombia {#sec005}
----------------------------

Overall, the status of birds in Colombia has deteriorated during 2002--2016, with four times as many species declining in condition sufficiently to qualify for uplisting than the number of species improving and qualifying for downlisting. As it is the case globally, loss or degradation of habitat is the main threat to Colombian birds according to our results. Illegal economic activities are the main drivers of habitat loss and degradation within the country \[[@pone.0227381.ref043],[@pone.0227381.ref080]\], exceeding the impact of legal agriculture, timber extraction and mining, at least for threatened species. Illicit coca crops are the single most important driver of habitat loss, affecting eight of 13 uplisted species ([Table 2](#pone.0227381.t002){ref-type="table"}). This is particularly severe in the south of Pacific and south Andean regions on the border with Ecuador, but also in the Catatumbo subregion on the border with Venezuela \[[@pone.0227381.ref081]\]. Illegal logging and illegal mining are also important causes of habitat loss in some regions, affecting two uplisted species. Illegal logging accounts for 42% of logging in Colombia and occurs mainly in Darién (Pacific Region) and Amazon \[[@pone.0227381.ref082]\]. Illegal mining is also a significant cause of habitat loss and degradation in several areas. For example, 99% of the mines of Chocó (Pacific region) operate illegally, according to the 2011 Departmental Mining Census conducted by the Ministry of Mines and Energy \[[@pone.0227381.ref083]\].

Illegal trafficking of drugs, arms, timber, gold, and coltan (a valuable mineral), respond to international markets. They have fueled armed and political conflict, and benefit from the permanence of such conflicts (e.g. \[[@pone.0227381.ref084],[@pone.0227381.ref085]\]). In the particular context of Colombia, armed conflict has left a long history of environmental degradation from illicit coca crops, illegal gold mining, etc., and a more ephemeral phenomenon of illegal poppy crops \[[@pone.0227381.ref086]\]. The spatial distribution of coca cultivation has been very dynamic in the country, especially since the beginning of the 21st century. Between 2001 and 2006, Guaviare and Putumayo in the Amazon basin were the two primary producer regions \[[@pone.0227381.ref057]\]. Eradication efforts with aerial sprays of glyphosate (a potent herbicide) in the Amazonian region promoted the displacement of illicit crops to other areas with low state presence and more vulnerable ecosystems \[[@pone.0227381.ref057]\], such as parts of Nariño department (Pacific) which previously lacked coca plantations, consequently resulting in increased deforestation in southern Chocó region \[[@pone.0227381.ref057],[@pone.0227381.ref087],[@pone.0227381.ref088]\]. This has been one of the most dramatic spatial trends, at least noted by the academic community studying illegal drugs dynamics (L. Dávalos, com. pers). Thus, coca crops strongly affected ecosystems of the Pacific region between 2001 and 2008 \[[@pone.0227381.ref089]\]. Threats whose driving forces derive from illegal transnational activities require international cooperation to address them.

Fire, affecting almost the entire Orinoquia, and agricultural expansion, including for cattle ranching, affected two uplisted species, both in Orinoquia: Bearded Tachuri (*Polystictus pectoralis*) and Orinoco Goose (*Oressochen jubatus*). The former depends on natural grasslands and is affected by an increase in the frequency of fires for livestock grazing, and more locally by habitat transformation for agriculture. The subspecies *P*. *pectoralis bogotensis* has already been driven extinct by habitat transformation in the Eastern Andes and the dry valleys in the west of the country \[[@pone.0227381.ref042]\]. Orinoco Goose depends on seasonally flooded savannas, wetlands, and forest for feeding and nesting, habitats that are all being affected by the expansion of agriculture and intensive cattle-raising \[[@pone.0227381.ref090]\]. Habitat loss and degradation are also important threats for freshwater species, driven by artificial drainage of flooded savannas for crops \[[@pone.0227381.ref090]\] and by hydrology and water quality alteration by agriculture \[[@pone.0227381.ref091],[@pone.0227381.ref092]\]. Freshwater species are also affected by eutrophication and invasive species such as introduced trout (*Oncorhynchus mykiss*). These factors were important in the loss of the only extinct species in Colombia, the endemic Colombian Grebe (*Podiceps andinus*), with the Northern Silvery Grebe (*Podiceps juninensis*) currently following a very similar trajectory at a national scale \[[@pone.0227381.ref093],[@pone.0227381.ref094]\]. Finally, logging and destruction of mangroves affect one species (Guayaquil woodpecker *Campephilus gayaquilensis*). Colombia has experienced the second highest loss of mangrove cover in the Eastern Tropical Pacific and has the lowest protected area coverage of mangroves in the region (23.7%; \[[@pone.0227381.ref095]\]).

Hunting is the second most important threat, affecting seven of 13 uplisted species. This activity particularly affects cracids (guans and curassows, driving the low RLI values for gamebirds), freshwater species, large raptors and some other species (see [Table 2](#pone.0227381.t002){ref-type="table"}). Although hunting for sport is illegal in the country, subsistence hunting is a sensitive issue because it involves traditional practices and the food security of indigenous communities \[[@pone.0227381.ref096],[@pone.0227381.ref097]\]. It is important to have a better understanding of motivations of illegal hunters in order to generate actions that are sensitive to socio-political and economic contexts \[[@pone.0227381.ref098]\]. Hunting typically operates in synergy with others threats, such as illegal mining and timber extraction, because miners and loggers operating in remote areas often hunt for food. Invasive animals are a more local, but significant threat, affecting three uplisted species, and involving both alien species (e.g. dogs and cats) as well as native species such as the Shiny Cowbird (*Molothrus bonariensis*) that has recently expanded its distribution within the country following clearance and degradation of native forests (e.g. \[[@pone.0227381.ref099]\]).

Implications for conservation {#sec006}
-----------------------------

Our results support the use of the Red list index as an indicator of trends in risk extinction for monitoring biodiversity. This is particularly important in a country like Colombia, with dynamic spatial patterns of habitat loss, and high levels of endemism and species richness. The processes that affect the future of Colombian birds include some operating at a broad scale and others at finer scales, requiring different set of management strategies and relevant actors. At the core of large-scale processes lies the interaction between armed conflict and illegal business. Armed conflict and illegal activities undermine the capacity of institutions to control the territory and to provide appropriate environmental management. Other drivers of habitat loss and threats operate at a finer scale. Focused action is required to address them and to support species recovery. Interventions such as habitat management and restoration, hunting controls, invasive species management, and environmental education are needed for the recovery of many species. Successful examples of such action led to the downlisting of the Yellow-eared Parrot (*Ognorhynchus icterotis*). In particular, species in paramo, high Andean forest, and freshwater habitats, plus mangrove specialists, threatened seabirds, and species with extremely small distributions can benefit from such local actions. Conservation actions need to take into account the interaction with these broad and finer scale processes or otherwise they are bound to fail.

Recent developments provide reasons for both hope and despair. By November 2016, a peace agreement was signed between the Colombian government and the FARC guerrilla to end 50 years of war, which raised great hopes for increased institutional and political stability, and thus institutional capacity building. The positive consequences to avifauna conservation are twofold. There is a growing enthusiasm for the observation and study of birds, as well as a sense of pride in the national media. This has taken place with an increased use of online databases that store information with huge potential for citizen science, such as eBird and Xeno-canto. These databases are improving knowledge on birds in places that were previously poorly known. There are also an increasing number of scientific expeditions to places previously unexplored that the conflict used to make too dangerous to visit, some of them involve former insurgents who are in the process of reintegration to civil society \[[@pone.0227381.ref100]\]. Furthermore, the absence of conflict provides a chance to strengthen bird-watching tourism benefiting local communities. Recent studies show that the potential revenues that bird-watching tourism could bring to communities in this post-conflict period are promising \[[@pone.0227381.ref101],[@pone.0227381.ref102]\]. This new opportunity provided by bird-watching tourism is a good way to offer sources of income in post-conflict zones without destroying nature \[[@pone.0227381.ref101],[@pone.0227381.ref103]\]. Some of these new enterprises could also involve ex-combatants as local guides, taking advantage of their local knowledge of forest, and providing further opportunities to incorporate them into the civil society \[[@pone.0227381.ref104]\].

However, all these new opportunities for biodiversity conservation, local development based on bird-watching tourism, and advancement in scientific knowledge coexist with more worrying trends. Since late 2016, remnant illegal armed groups have flourished in post-conflict zones, with a return to violence and an increase in homicides as the Colombian government has struggled to reassert itself in the areas formerly controlled by FARC \[[@pone.0227381.ref105],[@pone.0227381.ref106]\]. From 2017 to 2018, there was a six-fold increase in fires inside protected areas formerly under FARC control \[[@pone.0227381.ref107]\]. Based on local history in Guaviare department (Amazon), deforestation has increased from pastures, cattle ranching and land grabbing \[[@pone.0227381.ref108]\]. The area of land deforested in 2017 increased by 23% compared with 2016 \[[@pone.0227381.ref109]\]. Two municipalities in the Amazon (San Vicente del Caguán and Cartagena del Chairá, Caquetá department) contributed a staggering 34.6% of all national deforestation in 2018 \[[@pone.0227381.ref063]\]. Close monitoring and rapid responses are required to address such dynamic threats. The outcome will be heavily influenced by effectiveness of efforts to stabilize this complex situation.

Such periods of social instability are well documented in post-conflict societies \[[@pone.0227381.ref110]\]. The rise of violence post-civil war may undermine the legitimacy of the new peace order \[[@pone.0227381.ref111]\], which may have important environmental consequences. For instance, in countries such as Nepal, Sri Lanka, Ivory Coast and Peru there was on average a 68% increase of annual forest loss in the five years following the end of armed conflict \[[@pone.0227381.ref110]\], contrasting with a worldwide annual loss of 7.2% of forest \[[@pone.0227381.ref073]\]. Inappropriate governance and institutional arrangements have been identified as the key deforestation driver during the transition period after a war. As a whole, the drivers of deforestation after the end of armed conflicts are a complex mix of social, political, institutional and governance related issues \[[@pone.0227381.ref110]\].

Finally, these new conservation opportunities should be a strong motivation for environmental institutions, scientists, politicians, and civil society to take advantage of the fact that the overall risk of extinction of birds in Colombia is still low and has been rather stable. Effective actions are urgently needed while there is still the opportunity to prevent extinctions and safeguard species, particularly those in higher risk categories.

Supporting information {#sec007}
======================

###### Disaggregated Red List Index values for 2002 and 2016 for different regions, ecosystems and species groups.

There were no species that underwent genuine changes in status in lowland dry forest, paramo, coastal waters, Caribbean Coast and Ocean, Darién, SNSM, San Andrés and Providencia, nor among nocturnal raptors.

(PDF)

###### 

Click here for additional data file.

###### Data used to calculate disaggregated red list indices.

Species are classified by regions, ecosystems and groups of conservation concern. The latter include Trochilidae (hummingbirds), Tytonidae and Strigidae (nocturnal raptors), Psittacidae (parrots) and Suboscines and Oscines passerines. Abbreviations: L. rain-forest = lowland rainforest; Sub-A. forest = sub-Andean forest; High A. forest = high-Andean forest; L. dry forest = lowland dry forest; Fwt. = Freshwater ecosystems; C.wt = coastal and pelagic waters. P. Ocean = Pacific Ocean; C. Sea = Caribbean Sea; SNSM = Sierra Nevada de Santa Marta; Sa&Pr = San Andrés & Providencia islands. T. forest insectiv. = terrestrial forest insectivores; Large Frugiv. = large frugivores. Taxonomy following South American Classification Committee (SACC), 2018. National and global categories according to Renjifo et al. 2002, Renjifo et al. 2016 and BirdLife International 2018 respectively.

(PDF)

###### 

Click here for additional data file.
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The ms is well-written, lacking few adjustments to be published.

Reviewer \#2: The paper calculated the Red List Index for Colombian birds, comparing the values for 2002 and 2016. It is an interesting contribution and makes good use of a complete database previously gathered by the authors. They go onto explaining reasons for up or down-listing the 16 species that changed category, and also analyze the changes for different regions, ecosystems, and species groups. Thankfully, the changes in RLI are very minor.

The paper is generally well written and enjoyable to read. Presents the information needed and discusses it using other literature and up-to-date data on deforestation, armed conflict, hunting, etc.

I find one important thing missing in the paper. There should be a supplementary table with all 1718 species that the authors analyzed showing each species, its current category, the category at 2002, the global category, the region, the ecosystem, and the species group to which it was assigned. This is needed for readers to see the transparency of the study and be able to replicate it.

There is another addition that would make the paper a lot stronger, and it is the reason why I suggest major revisions. You discuss the importance of some groups in driving the national RLI, but you have no statistical test to back this up. I suggest adding group testing statistical tests, like ANOVA for each of your categories, to see which one is driving the index (statistically). This would really show which group of species, ecosystem, or region is driving the national total. Once this is incorporated to the methods, results, and discussion, the paper will be ready for a second revision and then publication.
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Line 35: maybe it should read "...are the most threatened", or "...For x, y, ans z the threat status has worsened/the extinction risk increased"

Line 36: invasive animals, or species? Invasive plants are often also involved in declining populations of birds

Line 54: check the use of the word "it" in "it consumes"

Lines 77-80: check sentence and rephrase to make more clear

Line 83: a "sampled approach"..what does that mean? Using field data? Ground trothing? Please clarify

Line 85-86: change to "where conservation resources are also typically allocated"

Line 104-106: this reads more like a discussion that part of the introduction. Leave it out here and include it in the discussion of your results.

Line 118: it is not clear which are "these sources". Do you mean the extinction assessments mentioned above? Make this clear.

Line 145-151: a map delineating these regions would be a really nice addition to the paper. I suggest including it.

Line 158-159: why was the Darien treated differently? Explain and maybe include a source

Lines 160-170: this would be easier to read in a table. Also I strongly advise including a supplementary table with how you classified each species in each region, ecosystem, and species group so readers can track what is happening with each species, and so they can replicate the study.

Line 204-206: Does this mean you can only use this 18% in your analyses. You should clarify that.

Lines 201-222: Only cite Table 2 once. Currently you cite it like 4 times in the paragraph.

Lines 229-237: I would suggest using a statistical test that compares differences between groups, to see if different ecosystems, regions, or species groups had significant impact on the overall change of RLI. Maybe an ANOVA.

Table 2: Orinoco Goose: you mention forest loss as important for this species, it probably is due to their nesting grounds, but not so much their every-day life. Please specify that forest is needed for nesting, I think this would help the reader understand the species situation better.

In Black Inca: should be "mature" not "madure"

In Micrastur: "over the next..." and "illegal coca crops"

In Pipreola:" moved to other regions"

In Cistothorus: rephrase last sentence of the explanation. It should read better.

Lines 252-255: this claim could use a reference to back it up

Lines 259-260: I would describe what happens in the Andes as deforestation, and not logging. Logging can be low impact, or selected (like they do in the Amazon), but the Andes have mostly been deforested for agriculture, pasture, or urbanization.

Lines 261-262: Again, a statistical analysis testing the importance of groups is needed, and one to highlight which group has the strongest impact.

Lines 263-266: As you mentioned in the abstract, the peace process has played its role. Most of the Amazon deforestation is very recent and has happened after the signing of the peace treaty. Check out information by the project MAAP (<https://maaproject.org/en/> ) to get some updated deforestation statistics. Or IDEAM statistics would also be good to cite here.

Line 279: "less rapidly" should be changed to "slower", "at a slower pace", or something similar.

Line 318: need a comma before "at least for threatened species"

Lines 348-350: are oil palm plantations in savannas really that large to have a noticeable impact? Or are you referring more to the potential impact they could have. As I understand it, these plantations are very few and far between still (in savannas).

Lines 363-364: fins a reference to back up this statement. There are social scientists studying subsistence hunting and papers are out there.

References: check ALL your references for style. I found some mistakes but did not check all the references. Please make sure they are all correct before resubmitting your manuscript.
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9 Dec 2019

Thank you for your kind response and time dedicated to our submission. Following your indications, please find enclosed the revised version of our original manuscript PONE-D-19-20151 entitled "Tracking extinction risk trends and patterns in a mega-diverse country: A Red List Index for birds in Colombia" which we submitted to be considered for publication in PLoS ONE, as a research article.

We are grateful for the relevant contributions by you and the reviewers. Undoubtedly most of their suggestions allowed to improve our article. In this letter, I first will answer your comments and then, one by one comments of the reviewers.

We considered very carefully the point about "a more comprehensive statistical analysis to substantiate the major claims would greatly strengthen the conclusions". The central request by the reviewer is to partition the proportion of variance due to different factors. However, our data are not continuous, they are categorical (regions, ecosystems and species groups of conservation concern). Further, our data are counts (numbers of species in each region, ecosystem or group, and in each IUCN category, etc.), thus they don´t have variances, and they are not completely independent from each other. For instance, species can be found in one or several regions. Perhaps more importantly, risk assessments were conducted at a national level lumping all regions together. This means that the data are unsuitable for an analysis to partition the proportion of variation due to different factors. However, in response to this important suggestion, we identified statements in the paper that required further statistical analysis to strengthen them. We performed additional contingency table tests, following the specific suggestion by the reviewer in order to determine statistically which regions are driving the Red List Index trends.

We agree with the suggestions by both reviewers to include a supplementary table showing the underlying data that we used to calculate the disaggregates indexes, with all species with categories of risk (2002, 2016 and global) and classified by region, ecosystem, and group of conservation concern. We added this as Supplementary material (S1 and S2).

Finally, we provided references to support our statement of Colombia having the most species rich avifauna in the world. Further, we checked the reference Piacentini et al. 2015 regarding Brazil as that county with the richest avifauna, but we found that Piacentini et al. 2015 explain why Brazil has the second or third richness of bird species, after Colombia and perhaps Peru.

Please find below our responses to each comment of the reviewers. We look forward to your final decision on our manuscript. I would like to highlight that line numbers correspond to "Revised manuscript with track changes".

Best regards,

Luis Miguel Renjifo, PhD.

School of Environmental and Rural Studies

Pontificia Universidad Javeriana

Carrera 7ª N° 40-62

Edificio Emilio Arango Piso 4

Bogotá, Colombia

Tel: (57-1)3208320 Ext 3438

<lmrenjifo@javeriana.edu.co>

Reviewer \#1:

First of all, we would like to thank your detailed and helpful comments. They have contributed to improve our paper in an important way.

Dear authors Brazil has the richest avifauna in the world (see Piacentini et al. 2015), with 1.919 species. Please change this information throughout the manuscript.

Response: Differences in species numbers between different sources are the result of both species diversity and the taxonomic philosophy underlying each species list. However, comparing works using the same taxonomic approach (BirdLife International <http://www.birdlife.org/datazone/country/colombia> and South America Classification Committee <http://www.museum.lsu.edu/~Remsen/SACCBaseline.htm>), Brazil comes in third place at a global scale after Colombia and Peru. In fact, Piacentini et al. 2015 state that: "Forming almost half of the "Bird Continent" of South America, Brazil vies for the title of the country with the richest avifauna along with Colombia and Peru (the latest statistics put it in second,

after Colombia; Remsen et al. 2015)." Appropriate references have therefore been inserted in the text to justify this statement (see lines 122-124).

Please change the Y-axis of the graphs - it is more intuitive for the reader to perceive the increase of the extinction risk looking up, to the tip of the arrow. As shown in the ms it is not very intuitive and the output of the graphs must be changed.

Response: The Red List Index is widely used and recognized now, being published in dozens of papers, used by the CBD to track progress to the Aichi targets (<https://www.cbd.int/gbo4/>), adopted by the United Nations to track progress to the Sustainable Development Goals (<https://unstats.un.org/sdgs/indicators/database/>), and included in many assessments and reports and policy processes (e.g. the Global Assessment of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services). The index was specifically formulated so that the graph goes down as things get worse, to be consistent with most other biodiversity indicators (eg the Living Planet Index, Wild Bird Index, Biodiversity Intactness Index etc). We therefore prefer to retain its current format for consistency and to avoid confusion. However, we added new text to explain this specifically. (See lines 181-183).

The results are well presented, clear and concise. However, the discussion should be improved and supported by more data or references (e.g. There are no protected areas within the Darién Highlands in Colombia, and there is very limited protection within San Andrés and Providencia, lacking a reference or vague information - what\'s very limited?).

Response: We have edited the sentence to improve clarity and added a reference (see lines 397-399): "Los Katíos National Park covers only part of the Darien lowlands, but no highland species are protected within it, and there is only one small terrestrial protected area on each of San Andrés and Providencia islands (RUNAP 2019)."

Another example: \"again suggesting that, on average, the level of threat to birds in Colombia is worsening less rapidly than at a global scale.\", needs a reference or a more precise comparison.

Response: We have provided the precise numeric values for decline rates and inserted the appropriate reference in line 409 for the global index.

The discussion needs to be improved. The section \"Threats to birds in Colombia\" is very important, and should be improved with scientific data - some parts of the ms are lacking data which could be obtained quite easily (e.g. Agricultural expansion, including for cattle ranching, affected two uplisted species, both in Orinoquia: Bearded Tachuri (Polystictus pectoralis) and Orinoco Goose (Oressochen jubatus).) How? These species are extremely distinct in habitat requirements and behavior and other natural history traits, and, despite briefly described in the table, need to be better detailed. Orinoco Goose is suffering from the expansion of rice fields? What\'s the real threat for this species?

Response: We have included further detail on factors affecting both species see lines 494-502: Fire, affecting almost the entire Orinoquia, and agricultural expansion, including for cattle ranching, affected two uplisted species, both in Orinoquia: Bearded Tachuri (Polystictus pectoralis) and Orinoco Goose (Oressochen jubatus). The former depends on natural grasslands and is affected by an increase in the frequency of fires for livestock grazing, and more locally by habitat transformation for agriculture. The subspecies P. pectoralis bogotensis has already been driven extinct by habitat transformation in the Eastern Andes and the dry valleys in the west of the country \[42\]. Orinoco Goose depends on seasonally flooded savannas, wetlands, and forest for feeding and nesting, habitats that are all being affected by the expansion of agriculture and intensive cattle-raising \[90\].

The ms is well-written, lacking few adjustments to be published.

Reviewer \#2:

First of all, the authors would like to thank your detailed and helpful comments. They have contributed to improve our paper in an important way.

I find one important thing missing in the paper. There should be a supplementary table with all 1718 species that the authors analyzed showing each species, its current category, the category at 2002, the global category, the region, the ecosystem, and the species group to which it was assigned. This is needed for readers to see the transparency of the study and be able to replicate it.

Response: Absolutely. A supplementary table has been included as S2.  

There is another addition that would make the paper a lot stronger, and it is the reason why I suggest major revisions. You discuss the importance of some groups in driving the national RLI, but you have no statistical test to back this up. I suggest adding group testing statistical tests, like ANOVA for each of your categories, to see which one is driving the index (statistically). This would really show which group of species, ecosystem, or region is driving the national total. Once this is incorporated to the methods, results, and discussion, the paper will be ready for a second revision and then publication.

Response: this is a good point but it is important to consider in relation to the nature of the data. The key point is to partition the proportion of variance due to different factors. However, our data are categorical and not continuous (regions, ecosystems and species groups of conservation concern). Further, our data are counts (numbers of species in each region, ecosystem or group, and in each IUCN category, etc.), and they are not entirely independent from each other. For instance, species can be found in one or several regions. Perhaps more importantly, risk assessments were conducted at a national level, lumping all regions together. Therefore, although this sort of analysis would have been highly desirable, the data do not permit it. However, we identified statements in the paper that required further statistical analysis to justify them. We therefore performed additional contingency tables analyses, following the specific suggestion by the reviewer in order to determine which regions are statistically driving the Red List Index (RLI), and used contingency table analysis when expected numbers in the contingency tables were greater than 5 (see lines 305-309).

Here are some detailed comments:

Line 28: it would be useful to explain in a short way what a higher index means. Higher index, more threat? This is key because then you go on to explaining your results and the reader might not know about the RLI.

Response: Good point. We have added text to clarify this. See the current lines 28-29.

Line 35: maybe it should read "...are the most threatened", or "...For x, y, ans z the threat status has worsened/the extinction risk increased"

Response: Done. See the current line 36.

Line 36: invasive animals, or species? Invasive plants are often also involved in declining populations of birds.

Response: We meant animals and have edited the text to clarify this. See the current line 38.

Line 54: check the use of the word "it" in "it consumes"

Response: Done. See the current line 59.

Lines 77-80: check sentence and rephrase to make more clear

Response: We have reworded this sentence. See the current lines 85-87.

Line 83: a "sampled approach"..what does that mean? Using field data? Ground trothing? Please clarify.

Response: We have provided additional text to clarify this, (see lines 90-93): The sampled approach involves assessing random selection of species from across the entire taxonomic group, allowing for the assessment of trends for large taxonomic groups \[Baillie et al. 2008\].

Line 85-86: change to "where conservation resources are also typically allocated"

Response: Done. See the current line 95-96.

Line 104-106: this reads more like a discussion that part of the introduction. Leave it out here and include it in the discussion of your results.

Response: We prefer to keep this sentence here to give a context to our study in terms of its relevance as well as previous studies leading to this paper.

Line 118: it is not clear which are "these sources". Do you mean the extinction assessments mentioned above? Make this clear.

Response: We have edited to text to make this clear. See current line 141.

Line 145-151: a map delineating these regions would be a really nice addition to the paper. I suggest including it.

Response: We agree. Please see the current line 201 and the new figure 1.

Line 158-159: why was the Darien treated differently? Explain and maybe include a source.

Response: We have now provided an explanation: This is because on small isolated mountains the upper limit of lowland rain forest is lower than on major ranges due to the "Massenerhebung" effect (Grubb 1971). See current lines 208-210.

Lines 160-170: this would be easier to read in a table. Also I strongly advise including a supplementary table with how you classified each species in each region, ecosystem, and species group so readers can track what is happening with each species, and so they can replicate the study.

Response: This point is addressed with the inclusion of the new supplementary table (S2), as it includes the whole database with the classifications of each species in each region, group and other classes.

Line 204-206: Does this mean you can only use this 18% in your analyses. You should clarify that.

Response: The calculation of the RLI uses the complete list of species and their current red list categories, but trends since the first time-point are driven only by the changes in categories for the 18% of species for which these were genuine. We consider have added text to clarify this.:" These category changes drive trends in the RLI, although the full set of species and their current red list categories are used to determine the 2016 RLI value." See lines 271-273.

Lines 201-222: Only cite Table 2 once. Currently you cite it like 4 times in the paragraph.

Response: Done. See page 10.

Lines 229-237: I would suggest using a statistical test that compares differences between groups, to see if different ecosystems, regions, or species groups had significant impact on the overall change of RLI. Maybe an ANOVA.

Response: Please see second response to reviewer 2.

Table 2: Orinoco Goose: you mention forest loss as important for this species, it probably is due to their nesting grounds, but not so much their every-day life. Please specify that forest is needed for nesting, I think this would help the reader understand the species situation better.

Response: Yes, we agree. We specify in table 2 (see the beginning of the table at line 328), that forest is needed for nesting.

In Black Inca: should be "mature" not "madure"

In Micrastur: "over the next..." and "illegal coca crops"

In Pipreola:" moved to other regions"

In Cistothorus: rephrase last sentence of the explanation. It should read better.

Response: all these minor changes were done in table 2.

Lines 252-255: this claim could use a reference to back it up.

Response: This is our finding and interpretation. We have edited the wording to clarify this (see current lines 368-369).

Lines 259-260: I would describe what happens in the Andes as deforestation, and not logging. Logging can be low impact, or selected (like they do in the Amazon), but the Andes have mostly been deforested for agriculture, pasture, or urbanization.

Response: we changed forest logging to "deforestation". See current line 373.

Lines 261-262: Again, a statistical analysis testing the importance of groups is needed, and one to highlight which group has the strongest impact.

Response: We agree, so we performed new G-tests (see lines 231-233 also 306-309.

Lines 263-266: As you mentioned in the abstract, the peace process has played its role. Most of the Amazon deforestation is very recent and has happened after the signing of the peace treaty. Check out information by the project MAAP (<https://maaproject.org/en/> ) to get some updated deforestation statistics. Or IDEAM statistics would also be good to cite here.

Response: Thank you for the suggestion. We cited both, MAAP and Ideam 2019 (See current line 382).

Line 279: "less rapidly" should be changed to "slower", "at a slower pace", or something similar.

Response: Done. See line 411

Line 318: need a comma before "at least for threatened species"

Response: Done. See line 458

Lines 348-350: are oil palm plantations in savannas really that large to have a noticeable impact? Or are you referring more to the potential impact they could have. As I understand it, these plantations are very few and far between still (in savannas).

Response: This needed to be written more clearly. We edited this, and removed a reference oil palm: "Fire, affecting almost the entire Orinoquia, and agricultural expansion, including for cattle ranching, affected two uplisted species, both in Orinoquia: Bearded Tachuri (Polystictus pectoralis) and Orinoco Goose (Oressochen jubatus). The former depends on natural grasslands and is affected by an increase in the frequency of fires for livestock grazing, and more locally by habitat transformation for agriculture. The subspecies P. pectoralis bogotensis has already been driven extinct in by the habitat transformation in the Eastern Andes and the dry valleys in the west of the country \[42\]. Orinoco Goose depends on seasonally flooded savannas, wetlands, and forest for feeding and nesting, habitats that are all being affected by the expansion of agriculture and intensive cattle-raising \[90\]." Lines 495-503.

Lines 363-364: fins a reference to back up this statement. There are social scientists studying subsistence hunting and papers are out there.

Response: We added two appropiate references regarding this point (Robinson and Redford 1991, Sarti et al 2015). See current line 528.

References: check ALL your references for style. I found some mistakes but did not check all the references. Please make sure they are all correct before resubmitting your manuscript.

Response: We checked again all references to correct a few mistakes.
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PONE-D-19-20151R1

Dear Dr. Renjifo,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Tim A. Mousseau

Academic Editor

PLOS ONE
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Tracking extinction risk trends and patterns in a mega-diverse country: A Red List Index for birds in Colombia

Dear Dr. Renjifo:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Tim A. Mousseau

Academic Editor

PLOS ONE
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